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Two recent reports in which transgene techniques were
used to label specific cell classes in the mouse retina
have opened the way to new methods of studying
retinal signal processing.
Address: Department of Physiology, University College London, Gower
Street, London, WC1E 6BT, UK.
E-mail: P.Mobbs@ucl.ac.uk 
Current Biology 1997, 7:R483–R486
http://biomednet.com/elecref/09609822007R0483
© Current Biology Ltd ISSN 0960-9822
The application of transgene technology to studying the
workings of the brain has, until now, largely been limited to
determining the function of ion channels, transcription
factors or intracellular signalling pathways. But as reported
in two recent papers [1,2], transgenic mouse techniques
have now been used to improve our understanding of how
different classes of retinal neuron contribute to processing
the visual signal. Both groups used a transgene under the
control of a cell-specific promoter to express a marker that
identifies a population of mouse retinal neurons. Such tech-
niques could be of particular importance in improving our
understanding of retinal signal processing as, among the
retina’s relatively few principal classes of neuron, there are a
bewildering variety of anatomical and pharmacological
types, many of which it has not been possible to label in the
living state and thus target for recording or other purposes.
The targeting of a transgene to a particular cell type
requires the identification of a suitable promoter that will
restrict its expression to cells expressing the appropriate
transcription factors. In the vertebrate retina, ideal
candidate promoters are those for transmitter molecules
which are expressed in only one or a few cell types, as is
found for some amacrine cells of the inner retina.
Amacrine cells are axonless interneurons, which modulate
signal transmission from bipolar cells to ganglion cells, for
example making the ganglion cells respond more
transiently to light (Figure 1). 
We know less about the function of amacrine cells than
that of any other class of retinal neuron. Within the
amacrine cell class there are, in mammals, over twenty-five
different types, which can be distinguished on the basis of
their morphology and expression of a particular neurotrans-
mitter. In the work discussed below [1,2], promoters that
control neurotransmitter expression were used to selec-
tively ablate an amacrine cell class, in the hope of gaining
insight into its functional role [1], and also to label an
amacrine (actually interplexiform) cell class, so as to probe
the cells’ electrophysiology and synaptic connections [2].
Some years ago, Nirenberg and Cepko [3] described a
technique for the targeted ablation of specific cell types,
in which promoters linked to the lacZ gene were used to
express β-galactosidase in subsets of neurons. Application
of a photoactivatable substrate for β-galactosidase and a
‘sensitizing agent’, along with illumination by ultra-violet
light, resulted in the selective ablation of the targeted
cells. Nirenberg and Meister [1] tried to apply this
technique, using the promoter from the vaso-active
intestinal peptide (VIP) gene linked to lacZ, to study a
specific set of amacrine cells. In this case, the transgene
construct proved to be an unguided missile, as it did not
label VIP-expressing cells, but instead labelled a popula-
tion of γ-amino-butyric-acid-releasing (GABAergic), dis-
placed, amacrine cells in the ganglion cell layer (see
Figure 1) and a smaller number of non-GABAergic cells. 
This failure of targeting may have resulted from a lack of
essential regulatory sequences in the construct used.
Figure 1
Wiring of the retina. Light is turned into an electrical signal by the
photoreceptor cells (PC). The visual signal passes to bipolar cells (BC)
and then ganglion cells (GC). It is divided into ON and OFF channels
at the PC to BC synapse, and converted into action potentials in
ganglion cells for transmission to the brain. This vertical flow of
information is modulated by horizontal connections provided by
horizontal cells (HC), which provide the lateral inhibitory surround
component of the bipolar cell receptive field, and amacrine cells (AC)
which may generate transience in the ganglion cell response.
Interplexiform cells (IPC) provide dopaminergic inputs that drive
network light adaptation (see text). Amacrine cells in the ganglion cell
layer are called displaced amacrines.
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Despite the uncontrolled nature of the transgene’s expres-
sion, Nirenberg and Meister [1] were able to use their
transgenic animals to good effect. Using the photoablation
technique, and a method for making multiple recordings
from ganglion cells developed by Meister et al. [4], they
investigated the effects of their displaced amacrine cells,
which they called V cells, on the transience of ganglion
cell responses. 
The vertebrate retina (Figure 1) contains ganglion cells that
respond in a sustained manner to a step increase in illumi-
nation with either an increase (ON cells) or decrease (OFF
cells) in the rate at which they fire action potentials, and
ganglion cells which respond transiently to illumination
increases (ON-transient cells) or decreases (OFF-transient
cells). Transient ganglion cells are thought to detect tempo-
ral changes in the visual image, and often show strong
responses to movement, sometimes with directional selec-
tivity [5]. The light-evoked signal in photoreceptors and
bipolar cells is longer lasting than that in transient ganglion
cells, so there must either be some circuit in the inner retina
that truncates the response of the transient cells, or else the
membrane properties of cells that pass the visual signal to
them — or perhaps of the transient cells themselves —
must act to truncate the spiking response (Figure 2).
Nirenberg and Meister [1] found that, in V cell-ablated
retinas, the ON cell response became less transient. They
suggest that the effect of a sustained excitatory input from
bipolar cells is normally truncated by a delayed inhibitory
input from V cells (Figure 2a). This hypothesis is sup-
ported by the observation that the peak spike rate in ON
cells was not affected by the ablation, as expected if it is
determined solely by the strength of a direct excitatory
input, and by the fact that 85% of V cells express the
GABA transporter GAT-1 and are thus likely to be
GABAergic. However, the extent to which the delayed
GABAergic input is responsible for ganglion cell tran-
sience remains unclear, as even after V cell ablation the
ON cell responses were not as sustained as those of sus-
tained ON cells recorded before ablation. Furthermore, as
V cell ablation was found to increase the resting firing rate
of ON-transient cells, it is hard to exclude the possibility
that ablation has altered transience-enhancing signal
shaping by voltage-gated currents in the ganglion cell
membrane ([6]; Figure 2c).
Taking a different approach, Gustincich et al. [2] intro-
duce into the mouse genome a transgene consisting of the
promoter from the gene for tyrosine hydroxylase — the
rate-limiting enzyme of dopamine synthesis — coupled to
a cDNA for human placental alkaline phosphatase
(PLAP). PLAP-expressing cells can be identified in fixed
tissues by immunocytochemical or histochemical tech-
niques and, because PLAP is a cell-surface marker, anti-
bodies can be used to identify living cells that express it.
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Competing models for the generation of transient ganglion cell
responses. The black traces represent synaptic voltage, and red traces
action potential frequency, as a function of time. In model (a), light
produces a sustained excitatory input from bipolar cells (BC) to ON
ganglion cells (GC) that is rendered transient by a delayed inhibitory
input from V amacrines (AC). In models (b) and (c), transience is
produced by the properties of the voltage-gated currents present in the
membrane of an intermediary amacrine cell (b) or of the ganglion cell
itself (c). Model (b) is ruled out because ablation of the V cells does not
abolish the light response. Model (a) is consistent with Nirenberg and
Meister’s [1] observation that V cells are GABAergic and that their
ablation renders the ON ganglion cell response less transient without
affecting the peak firing rate. Model (c), in which voltage-gated currents
in the ganglion cell membrane generate transience, remains to be
disproved, as the ablation of V cells depolarised the ganglion cells
(dashed arrow) and could thus alter their shaping of signals.
This transgene construct labelled two classes of amacrine
cell: the dopamine-releasing DA type 1 or large cate-
cholaminergic amacrine [7] — more correctly an interplex-
iform cell as it has processes in both the inner and outer
retina (Figure 1) — and a smaller cell, which may be the
type 2 or small catecholaminergic amacrine with branches
in the inner retina. 
Gustincich et al. [2] investigated the synaptic connections
and electrophysiological properties of the DA cells, as
dopamine is believed to mediate many of the events of
neural light adaptation [8], a multi-faceted process distinct
from photoreceptor adaptation, by which both the sensi-
tivity of the retina to light and the receptive fields of its
neurons are modulated. Dopamine controls the retino-
motor movements of cones, the movement of pigment
granules in the retinal pigment epithelium, the strength of
gap junctions between horizontal cells and between AII
amacrine cells, and the strength of synaptic transmission
from photoreceptors to bipolar and horizontal cells. 
PLAP is not an ideal marker with which to identify living
cells, as the antibodies necessary to reveal it penetrate
poorly into tissue. Consequently, Gustincich et al.’s [2]
physiological experiments were restricted to recordings
from isolated cells (a restriction that might in future be
overcome by using green fluorescent protein as the
marker molecule). By recording from the larger cells
labelled by an antibody to PLAP in dissociated prepara-
tions, they were able to study the mechanisms that may
control their release of dopamine. Isolated DA cells —
and, the authors assume, DA cells in vivo — fire sponta-
neous action potentials, the rate of which (unsurprisingly)
increases in response to glutamate and is decreased by
both glycine and GABA. These results, together with
information on the synaptic organisation of the cells
obtained from anatomical studies of PLAP-stained
neurons (Figure 3), suggested to Gustincich et al. [2] that
DA cells are inhibited in the dark by a GABAergic input
from amacrines driven by OFF bipolars, and in dim light
by glycinergic input from AII amacrines. Gustincich et al.
[2] hypothesize that in bright light, when the DA cells are
freed from these inhibitory inputs, they begin to spike and
release dopamine. 
These suggestions depend critically on the assumption
that, in vivo, the transmembrane chloride gradient in the
DA cells is such that, when GABA or glycine open chlo-
ride channels, chloride ions will enter the cell and thus
keep the cell hyperpolarized (retinal cells provided an
early example of the chloride gradient being set up so that
GABA evokes a chloride efflux and thus produces a depo-
larization [9]). Furthermore, the spontaneous firing of the
isolated DA cells might reflect a loss of potassium chan-
nels during the cell isolation procedure, or depolarization
by current flowing through the seal between the cell and
the recording electrode. Gustincich et al. [2] also suggest
that DA cell firing is modulated by glutamate released
from ON bipolars, yet their anatomical tracing apparently
only showed input from OFF bipolars. Thus, further work
in vivo or in slices is needed to firm up the details of the
synaptic control of dopamine release.
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Figure 3
The wiring of dopaminergic interplexiform cells
(IPC) in the mouse retina. Action potential
production in IPCs is suppressed in the dark
by a GABAergic input from amacrine cells
(AC) that are driven by off bipolar cells (BC).
In dim light, a glycinergic input from AII
amacrine cells (AII) suppresses IPC spike
production, while in bright light a
glutamatergic input from ON BCs is proposed
to increase the frequency of spontaneous
action potentials.
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Transgene techniques are not new, but these two papers
[1,2] represent the first real attempt to use the techniques
to investigate signal processing by neural networks of the
retina. They bring with them novel ways to target cells for
recording, anatomical studies and ablation, but also (as with
any technique) a series of caveats. As the VIP-promoter
lacZ construct used by Nirenberg and Meister [1] illus-
trates, transgenes do not always behave as expected, for
the construct was not expressed in VIP-containing neurons
(nor even in a unique class of neurons), complicating the
interpretation of ablation experiments. Future work using
these approaches may depend on a better understanding of
neuron-specific promoters and could be enhanced by the
use of labels such as green fluorescent protein that can be
detected in living tissue, enabling a detailed electrophysio-
logical characterization of the cells in situ.
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